
IDCases 21 (2020) e00863
Case report

Cefiderocol for treatment of an empyema due to extensively
drug-resistant Pseudomonas aeruginosa: Clinical observations and
susceptibility testing considerations

Wesley D. Kufela,b,c,*, Jeffrey M. Steeleb,c, Scott W. Riddellb,c, Zachary Jonesd,
Pegah Shakeranehc, Timothy P. Endyb,c

aBinghamton University School of Pharmacy and Pharmaceutical Sciences, Binghamton, NY, USA
b State University of New York Upstate Medical University, Syracuse, NY, USA
c State University of New York Upstate University Hospital, Syracuse, NY, USA
dUnited Health Services Hospitals, Binghamton, NY, USA

A R T I C L E I N F O

Article history:
Received 28 May 2020
Received in revised form 1 June 2020
Accepted 1 June 2020

Keywords:
Cefiderocol
Pseudomonas aeruginosa
Antibacterial resistance
Siderophore
Susceptibility testing

A B S T R A C T

Cefiderocol is a novel siderophore cephalosporin antibacterial with activity against carbapenem-
resistant Gram-negative bacteria including Pseudomonas aeruginosa. We report a medically complex
patient treated with compassionate use cefiderocol for an empyema caused by extensively drug-resistant
P. aeruginosa as well as clinical considerations for cefiderocol use based on our findings. We observed a
potential discordance in cefiderocol susceptibility testing results depending if disk diffusion or iron-
depleted cation-adjusted Mueller Hinton Broth dilution is used. Furthermore, interpretative criteria
differ between the Clinical Laboratory Standards Institute and United States Food and Drug
Administration for P. aeruginosa, which makes cefiderocol interpretation potentially challenging for
clinicians. We may have also observed selective pressure from prior cefiderocol exposure given the
respective increases and decreases in MIC values and zone diameters for P. aeruginosa isolates following
cefiderocol treatment. Additional data are needed to further describe cefiderocol use, susceptibility
testing, and resistance development as real-world clinical use expands.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Cefiderocol, a novel siderophore cephalosporin, utilizes a
‘Trojan horse’ active transport mechanism via specialized iron
transporters to ultimately inhibit cell wall synthesis [1,2]. This
unique mechanism allows cefiderocol to evade efflux pumps and
porin channels. Cefiderocol also demonstrates stability to several
serine- and metallo-beta-lactamases. Based on these properties,
cefiderocol exhibits activity against several multidrug-resistant
(MDR) and extensively drug-resistant (XDR) Gram-negative
bacteria [1–3].

Cefiderocol is currently approved by the United States (US) Food
and Drug Administration (FDA) for treatment of complicated
urinary tract infections (cUTI) based on a randomized, double-
blind, non-inferiority trial that demonstrated non-inferiority
between cefiderocol and imipenem-cilastatin [4,5]. However,
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limited data exist to describe real-world cefiderocol use for the
treatment of MDR and XDR Gram-negative bacterial infections
[6–11]. Thus, we describe our experience with compassionate use
cefiderocol for a patient with an empyema caused by XDR
Pseudomonas aeruginosa to add to the growing body of real-world
data as clinical use expands.

Case report

A 45-year-old, 67 kg female presented to our institution for
higher level management of an esophageal-pleural fistula. A
detailed summary of relevant treatment course is presented in
Table 1. Her history was significant for hemangioblastoma
requiring several neurosurgical interventions. She presented to a
referring hospital for worsening neurological symptoms and
underwent an elective craniotomy for cyst repair, which was
complicated by a left-sided hydropneumothorax requiring chest
tube placement and leukocytosis. Analysis of the pleural fluid was
consistent with an empyema and the pleural fluid culture grew
Candida albicans. Her course was further complicated by an
esophageal perforation requiring laparotomy and perforation
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Clinical, microbiological, and antimicrobial treatment course during hospitalizations and rehabilitation.

Admission Treatment
course day

Summary of significant events during clinical course Antimicrobial regimens

Hospital #1, admission #1 1 � Elective craniotomy for repair of cyst in posterior fossa � Cefazolin 1 g (SSI prophylaxis)

3 � CT thorax revealed large left-sided hydropneumothorax
� Left-sided chest tube placed with pleural fluid culture

positive for Candida albicans
� Exploratory laparotomy revealed esophageal perforation
� Esophageal rupture repair
� Placement of a GT and JT
� Started on antimicrobials for empyema

� Meropenem 1 g intravenously every
8 h over 0.5h

� Vancomycin per pharmacy protocol
� Micafungin 100 mg intravenously

every 24h

8 � Chest x-ray revealed a left-sided pneumothorax requiring
chest tube placement

13 � Gastrogaffin swallow evaluation complicated by aspiration of
contrast in left main bronchus

� EGD revealed persistent esophageal injury requiring esoph-
ageal stent

15 � Tracheostomy placed due to persistent dysphagia

Rehabilitation facility 23 � Discharged to rehabilitation facility

Hospital #1, admission #2 33 � Admitted for acute respiratory failure
� CT thorax revealed an esophageal-pleural fistula
� Pleural fluid cultures from left chest tube positive for

Pseudomonas aeruginosa

� Ceftazidime-avibactam 2.5 g IV q8 h
over 2h

� Fluconazole 400 mg IV q24h
� Amikacin 1000 mg IV q24h

34 � P. aeruginosa susceptibilities revealed MDR isolate (suscep-
tibilities in Table 2)

� Transferred to our institution for higher level management of
the esophageal-pleural fistula

Hospital #2 admission #1 35 � Antimicrobial regimen changed
� Compassionate use cefiderocol requested
� OR for EGD esophageal stent replacement
� Leukocytosis (WBC 14100/uL); afebrile

� Ceftazidime-avibactam 2.5 g IV q8 h
over 2h

� Fluconazole 400 mg IV q24h
� Polymyxin B 1,500,000IU load then

1,000,000IU IV q12h
40 � OR for video-assisted thoracoscopic surgery with left lung

thoracotomy decortication and esophageal rupture repair
with a muscle flap coverage

� Leukocytosis (WBC 19900/uL); afebrile

42 � Antimicrobial regimen changed (cefiderocol
arrived/initiated)

� Leukocytosis (WBC 27000/uL); low grade fever (38.2 degrees
Celsius)

� Cefiderocol 2 g IV q8 h over 3h
� Fluconazole 400 mg IV q24h

46 � Left chest tube removed due to improvement in pleural
effusions on CT thorax

� Leukocytosis (WBC 17600/uL); afebrile

56 � Worsening respiratory status and CT thorax revealed
loculated left and right pleural effusions

� Right and left chest tubes placed
� Leukocytosis (WBC 11200/uL); afebrile

59 � Pleural fluid cultured from left and right chest tube with no
growth

� Left chest tube removed
� WBC 9000/uL; afebrile

63 � Right chest tube removed
� WBC 9300/uL; afebrile

� Antimicrobial regimen completed

73 � Increased tracheal secretions
� Tracheal aspirate sent for culture
� CT thorax demonstrated radiographic improvement of

bilateral pleural effusions
� Leukocytosis (WBC 11300/uL); afebrile

� No antimicrobials

76 � Tracheal aspirate culture grew two morphologic variants of P.
aeruginosa non-susceptible to cefiderocol via disk diffusion

� Leukocytosis (WBC 16100/uL); afebrile

80 � Two morphologic variants of P. aeruginosa sent to reference
laboratory for additional testing

� Leukocytosis (WBC 19800/uL); afebrile
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Table 1 (Continued)

Admission Treatment
course day

Summary of significant events during clinical course Antimicrobial regimens

82 � OR for esophageal stent removal
� Leukocytosis (WBC 15800/uL); afebrile

88 � Patient discharged to rehabilitation
� Leukocytosis (WBC 11100/uL); afebrile

94 � Two morphologic variants of P. aeruginosa tested susceptible
to cefiderocol using ID-CAMHB at reference laboratory

Abbreviations: CT, computed tomography; ID-CAMHB, iron-depleted cation-adjusted Mueller Hinton Broth; EGD, esophagogastroduodenoscopy; GT, gastrostomy tube; g,
gram; h, hours; IU, international units; IV, intravenously; JT, jejunostomy; mg, milligram; OR, operating room; q, every; SSI, surgical site infection.
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repair with jejunostomy and gastrostomy tube placement. She
developed persistent esophageal injury and dysphagia requiring
stent and tracheostomy placement, respectively, and was eventu-
ally discharged to rehabilitation on day 23, but readmitted ten days
later for respiratory failure, leukocytosis, and fever in the setting of
an esophageal leak. A computed tomography thorax revealed an
esophageal-pleural fistula and a repeat pleural fluid culture from
the left chest tube grew XDR P. aeruginosa (Table 2). She was
transferred to our institution for esophageal-pleural fistula repair
and antimicrobial management.

On admission to our institution on day 35, she presented with
leukocytosis, but was afebrile. While pursuing compassionate use
cefiderocol, she was started on ceftazidime-avibactam, polymyxin
B, and fluconazole. She underwent esophageal stent replacement,
video-assisted thoracoscopic surgery with left lung thoracotomy
and decortication, and esophageal rupture repair with muscle flap
placement for surgical management of the esophageal-pleural
fistula. Cefiderocol arrived one week after requested, and her
antimicrobial regimen was modified to solely fluconazole plus
cefiderocol 2 g every 8 h by intravenous infusion over three hours.4
Table 2
Antibacterial susceptibilities of Pseudomonas aeruginosa isolates throughout the clinica

Pleural fluid isolate (day 33) Morphologic 

aspirate (day

Antibacterial MIC (mg/L) or KB
zone

Qualitative
interpretationf

MIC (mg/L) o
zone

Amikacina 16 Susceptible 16 

Aztreonama �32 Resistant N/A 

Cefepimea �64 Resistant �64 

Cefiderocolb 24 mm Susceptibleg 17 mm 

Cefiderocolc 0.25 Susceptible 0.5 

Ceftazidimea �64 Resistant �64 

Ceftazidime-
avibactamd

�16/4 Resistant �16/4 

Ceftolozane-
tazobactamd

�16/4 Resistant �16/4 

Ciprofloxacina �2 Resistant �2 

Colistine 2 Susceptible N/A 

Gentamicina �16 Resistant �16 

Imipenem-cilastatina �8 Resistant N/A 

Levofloxacina �4 Resistant N/A 

Meropenema �8 Resistant �8 

Piperacillin-
tazobactama

�128/4 Resistant 64/4 

Tobramycina �16 Resistant �16 

Abbreviations: MIC, minimum inhibitory concentration; KB, Kirby-Bauer disk diffusion
a Automated broth microdilution (MicroScan, Beckman Coulter, Brea, CA, USA).
b Kirby-Bauer disk diffusion on unsupplemented standard Mueller-Hinton agar using
c Dilution testing performed by a referral laboratory using iron-depleted cation-adju
d Gradient diffusion (bioMérieux Inc., Durham, NC, USA).
e Broth microdilution (ARUP Labs, Salt Lake City, UT, USA).
f Susceptibility data were interpreted according to the Clinical and Laboratory Stand
g At the time of this case, cefiderocol susceptibility data was interpreted according to t

17 mm; resistant: �12 mm).
She had normal renal function with an estimated creatinine
clearance of 112 mL/min. Shortly before initiation of cefiderocol,
she developed a low-grade fever (38.2 �C), which resolved soon
after cefiderocol initiation. Disk diffusion susceptibility testing was
performed on the initial P. aeruginosa isolate from the pleural fluid,
which demonstrated a large zone of inhibition (24 mm) implying
cefiderocol susceptibility (Table 2). The isolate was sent to an
independent reference laboratory to perform iron-depleted
cation-adjusted Mueller Hinton broth (ID-CAMHB) dilution
testing, which confirmed susceptibility (Table 2). Cefiderocol
interpretative criteria for Pseudomonas aeruginosa using both
susceptibility testing methods are displayed in Table 3 [12,13]. She
completed a total of three weeks of cefiderocol plus fluconazole on
day 63 with no observed adverse effects, and responded clinically
with leukocytosis resolution and bilateral chest tube removal.

Ten days following completion of cefiderocol, she developed
leukocytosis and respiratory symptoms including increased
tracheal secretions. A tracheal aspirate culture was obtained,
which grew two morphologic variants of XDR P. aeruginosa, and
both were found to be non-susceptible to cefiderocol by disk
l course.

variant #1 from tracheal
 76)

Morphologic variant #2 from tracheal
aspirate (day 76)

r KB Qualitative
Interpretationf

MIC (mg/L) or KB
zone

Qualitative
interpretationf

Susceptible 8 Susceptible
N/A N/A N/A
Resistant �64 Resistant
Intermediateg 6 mm Resistantg

Susceptible 1 Susceptible
Resistant �64 Resistant
Resistant �16/4 Resistant

Resistant �16/4 Resistant

Resistant �2 Resistant
N/A N/A N/A
Resistant �16 Resistant
N/A N/A N/A
N/A N/A N/A
Resistant �8 Resistant
Intermediate 32/4 Intermediate

Resistant �16 Resistant

; mg/L, milligrams per liter; mm, millimeter.

 disks impregnated with 30 micrograms of cefiderocol supplied by Shionogi.
sted Mueller-Hinton broth.

ards Institute document M100, 29th ed.
he following criteria provided by Shionogi (susceptible: �18 mm; intermediate: 13–



Table 3
Comparison of Cefiderocol Interpretative Criteria for Pseudomonas aeruginosa.

Disk Diffusion (Zone Diameters in mm)a Minimum Inhibitory Concentrations (mg/L)b

S I R S I R

Clinical Laboratory Standards Institute �18 13�17 �12 �4 8 �16
United States Food and Drug Administration �25 19�24 �18 �1 2 �4

Abbreviations: S, susceptible; I, intermediate; R, resistant.
a Using paper disks impregnated with 30 micrograms of cefiderocol on unsupplemented standard Mueller-Hinton agar.
b Using iron-depleted cation-adjusted Mueller-Hinton broth.
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diffusion. Morphologic variant #1 was intermediate (17 mm) and
morphologic variant #2 was resistant (6 mm) to cefiderocol
according to Clinical Laboratory Standards Institute (CLSI) as
described in Table 2. To further investigate these findings, the
isolates were referred to the same independent laboratory for ID-
CAMHB dilution testing. Interestingly, both morphologic variant
#1 and #2 were found susceptible with a MIC of 0.5 mg/L and 1 mg/
L, respectively (Table 2). Given the patient’s clinical stability at the
time, the culture was presumed to represent colonization, and
antibacterials were not initiated. She was eventually discharged to
a rehabilitation facility for tracheostomy management without
antibacterials.

Since the date of discharge, she has been admitted to both the
referring hospital and our institution multiple times for various
indications including gastrointestinal bleeding and respiratory
management. However, infectious disease consultation recom-
mended to hold antibacterials during these admissions given the
lack of a drainable effusion, clinical stability, and presumed
colonization.

Discussion

Given the unique mechanism of action and in vitro activity
against carbapenem-resistant Gram-negative bacteria, cefidero-
col’s role in therapy may lie in the treatment of infections where
limited to no antibacterials exist [1,2,14]. Thus, more real-world
data are needed to further evaluate cefiderocol use in this capacity.
Currently available data demonstrate conflicting results that have
led to multiple uncertainties for clinicians [6–11,15].

While not published yet, preliminary data from two phase 3
trials, APEKS-NP and CREDIBLE-CR, resulted in additional ques-
tions regarding cefiderocol use [10,11]. APEKS-NP was a multicen-
ter, randomized, double-blind, parallel-group, non-inferiority
study, which compared cefiderocol to dose-optimized meropenem
(2 g every 8 h) for nosocomial pneumonia [11]. Based on
preliminary results, cefiderocol (n = 148) demonstrated non-
inferiority to meropenem (n = 150) for the primary outcome of
all-cause mortality at 14 days with rates of 12.4 % and 11.6 %,
respectively (treatment difference: 0.8 %, 95 % CI -6.6, 8.2).
CREDIBLE-CR was a multicenter, randomized, open-label study to
compare cefiderocol (n = 101) versus best-available therapy
(n = 49) for carbapenem-resistant infections [10]. All-cause mor-
tality was higher among patients treated with cefiderocol
compared to best-available therapy at day 14 (18.8 % versus 12.2
%), day 28 (24.8 % vs 18.4), and at day 49 (33.7 % vs 20.4 %), yet no
attributable cause for this difference was identified. Based on these
findings, the prescribing information includes a warning for
increased risk of all-cause mortality among patients who receive
cefiderocol for carbapenem-resistant infections [4], which is
presumably its intended patient population.

To date, four case reports have been published describing
successful use of cefiderocol for various XDR Gram-negative
infections [6–9]. The first case by Edgeworth and colleagues
described a 78-year-old female with native aortic valve endocar-
ditis caused by XDR P. aeruginosa who was successfully managed
with valve replacement and combination antibacterial therapy
with cefiderocol, colistin, and meropenem [7]. Cefiderocol was
added to preexisting colistin and meropenem on day 83 of the
treatment course with valve replacement on day 85. Cefiderocol
and colistin were continued for an additional three weeks. Disk
diffusion testing was performed on P. aeruginosa isolates from
blood cultures on day 3 and day 68 with zones of 17.4 mm and
21.3 mm, respectively. The second case by Trecarichi and
colleagues described an adult male with ventilator-associated
pneumonia and bacteremia caused by XDR Acinetobacter bauman-
nii and carbapenemase-producing Klebsiella pneumoniae [8].
Compassionate use cefiderocol was started on day 35 in
combination with linezolid for 14 days, and the patient was
ultimately discharged to a rehabilitation facility without anti-
bacterials or signs and symptoms of infection.

The third case by Stevens and colleagues described a 46-year-
old male with an intraabdominal abscess caused by MDR P.
aeruginosa who was successfully treated with cefiderocol in
combination with surgical management [6]. Compassionate use
cefiderocol was started on day 73 of the management course in
combination with metronidazole for a total of 28 days. The P.
aeruginosa isolate tested susceptible using ID-CAMHB dilution and
disk diffusion testing with a MIC of 0.12 mg/L and zone of 22 mm,
respectively. The fourth case by Alamarat and colleagues described
a 15-year-old male with chronic osteomyelitis caused by XDR P.
aeruginosa and extended-spectrum beta-lactamase-producing K.
pneumoniae [9]. The patient was successfully treated with
compassionate use cefiderocol for 14 weeks in combination with
a bone implant. The P. aeruginosa isolate tested susceptible using
both ID-CAMHB dilution and disk diffusion with a MIC of 4 mg/L
and zone of 18 mm, respectively. These case reports demonstrate
successful clinical outcomes with cefiderocol for infections caused
by carbapenem-resistant, cefiderocol-susceptible bacteria. How-
ever, cefiderocol initiation was often delayed, patients received
several antibacterials prior to or in combination with cefiderocol,
and surgical management was commonly performed that may
have impacted these patients’ outcomes. Interestingly, two
patients experienced neutropenia while on prolonged courses of
cefiderocol, which was not observed during shorter courses for
cUTI [5,7,9]. Regardless, these cases represent real-world, complex
patients where cefiderocol use is likely to be considered.

Our case provides additional real-world data describing
compassionate use cefiderocol for an empyema due to XDR P.
aeruginosa in a medically complex patient. However, it is unclear if
this patient was successfully treated with cefiderocol for this XDR
P. aeruginosa empyema in our opinion. She arguably achieved
clinical cure because she remained clinically stable from an active
infection perspective following three weeks of cefiderocol, yet
remained colonized with XDR P. aeruginosa demonstrating
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microbiological failure. This case is complicated by several surgical
procedures, and the potential need for ongoing source control may
also still be contributing.

Our experience also raises some important susceptibility
testing considerations that clinicians should be aware of. First,
cefiderocol MIC testing requires ID-CAMHB [12]. Unlike disk
diffusion testing, ID-CAMHB is not yet commercially available, may
not be largely familiar to clinical laboratories, and preparation of
such media appears logistically complex [12,15].

Second, discordance may exist in the correlation between
susceptibility testing methods as well as susceptibility interpreta-
tive criteria. While cefiderocol disk diffusion zone diameters have
previously demonstrated good correlation with cefiderocol MICs
using ID-CAMHB, a poorer agreement has been observed with P.
aeruginosa compared to other Gram-negative bacteria using these
two methods [16]. The US FDA and CLSI both provide interpretative
criteria for both disk diffusion and ID-CAMHB dilution; however,
interpretive criteria differs making interpretation challenging for
clinicians (Table 3) [12,13]. In our case, the two morphologic
variants of P. aeruginosa from the tracheal aspirate culture yielded
inconsistent interpretations for disk diffusion testing using CLSI
and FDA criteria. Furthermore, these disk diffusion susceptibility
testing results provided contradictory interpretations when
compared to the MIC results using ID-CAMHB dilution. Morpho-
logic variant #1 demonstrated a zone diameter of 17 mm, which
was determined to be intermediate according to CLSI, yet resistant
according to the FDA (Table 2). However, the same variant was
determined to be susceptible by ID-CAMHB dilution with a MIC of
0.5 mg/L using both the FDA and CLSI criteria (Table 2). Morpho-
logic variant #2 demonstrated no zone of inhibition (6 mm), yet
was deemed susceptible by ID-CAMHB dilution with a MIC of 1 mg/
L according to both the FDA and CLSI (Table 2). Given that neither
susceptibility testing method is considered the reference method
and the potential for discordance to exist between them,
susceptibility testing and clinical interpretation may pose a
particular challenge for clinicians.

Third, we may have observed selective pressure from prior
cefiderocol exposure given the respective increases and decreases
in MIC values and zone diameters between the cultured P.
aeruginosa isolates, which has not reported or observed in the
aforementioned cases.6�9 In the CREDIBLE-CR study, 19 % (15/80)
of patients experienced a �4-fold increase from baseline MIC
during cefiderocol treatment, yet only 3 of these isolates were P.
aeruginosa [17]. Interestingly, Stevens and colleagues reported the
same susceptible MIC result (0.12 mg/L) for P. aeruginosa before
and after 12 days of cefiderocol treatment in their case [6].
Resistance development to cefiderocol is apparently low, and
primarily due to mutations in genes related to iron acquisition
based on limited data available currently [10,18–21]. Outer
membrane iron transporter piuA in P. aeruginosa is responsible
for active transport of cefiderocol, and thus, mutations in the piuA
gene may confer resistance [19,22]. Previous knockout experi-
ments deleting specific iron transport genes also caused small MIC
increases, but remained susceptible to cefiderocol [10]. This may
be speculative in our case because the cefiderocol non-susceptible
P. aeruginosa isolates were obtained from both pleural fluid and
tracheal aspirate specimens. Whole genome sequencing was also
not performed so it is unknown if these morphologic variants were
related.

Cefiderocol represents a potentially safe and effective novel
siderophore cephalosporin for XDR P. aeruginosa where limited
safe and effective antibacterials exist. Further investigations are
needed to better characterize cefiderocol use, susceptibility testing
methods, and resistance development as real-world clinical use
expands.
Ethics

Institutional review board approval was obtained for compas-
sionate use cefiderocol. Informed consent was obtained from the
patient for treatment with cefiderocol and for publishing this case.

Funding

This work was carried out as part of our routine clinical practice.

Declaration of Competing Interest

W.D.K. has received grant funding from Melinta and Merck and
has served on the advisory board for Theratechnologies, Inc. J.M.S
has served on the advisory board for Paratek Pharmaceuticals. All
other authors have nothing to disclose.

Acknowledgement

The authors would like to thank Michelle Klick, Clinical
Research Coordinator, at the State University of New York Upstate
Medical University for her assistance in the acquisition of
compassionate use cefiderocol.

References

[1] Wu JY, Srinivas P, Pogue JM. Cefiderocol: A novel agent for the management of
multidrug-resistant Gram-negative organisms. Infect Dis Ther 2020;9(1):17–
40.

[2] Bonomo RA. Cefiderocol: A novel siderophore cephalosporin defeating
carbapenem-resistant pathogens. Clin Infect Dis 2019;69(Supplement_7):
S519–s520.

[3] Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-resistant, extensively
drug-resistant and pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired resistance. Clin
Microbiol Infect 2012;18(3):268–81.

[4] Fetroja (Cefiderocol) for injection, for intravenous use [package insert].
Florham Park, NJ, USA: Shionogi, Inc.; 2019.

[5] Portsmouth S, van Veenhuyzen D, Echols R, et al. Cefiderocol versus
imipenem-cilastatin for the treatment of complicated urinary tract
infections caused by Gram-negative uropathogens: a phase 2, randomised,
double-blind, non-inferiority trial. Lancet Infect Dis 2018;18(12):1319–28.

[6] Stevens RW, Clancy M. Compassionate use of cefiderocol in the treatment of an
intraabdominal infection due to multidrug-resistantPseudomonas aeruginosa:
A case report. Pharmacotherapy 2019;39(11):1113–8.

[7] Edgeworth JD, Merante D, Patel S, et al. Compassionate use of cefiderocol as
adjunctive treatment of native aortic valve endocarditis due to extremely
drug-resistant Pseudomonas aeruginosa. Clin Infect Dis 2019;68(11):1932–4.

[8] Trecarichi Em, Quirino A, Scaglione V, et al. Successful treatment with
cefiderocol for compassionate use in a critically ill patient with XDR
Acinetobacter baumannii and KPC-producing Klebsiella pneumoniae: a case
report. J Antimicrob Chemother 2019;74(11):3399–401.

[9] Alamarat ZI, Babic J, Tran TT, et al. Long term compassionate use of cefiderocol
to treat chronic osteomyelitis caused by XDR-Pseudomonas aeruginosa and
ESBL-producing Klebsiella pneumoniae in a pediatric patient. Antimicrob
Agents Chemother 2019;64(4):e01872–19.

[10] United states food and drug administration antimicrobial drugs advisory
committee. Cefiderocol Briefing Document; 2019. . Available at: https://www.
fda.gov/media/131705/download.

[11] Wunderink RG, Matsunaga Y, Ariyasu M, Echols R, Menon A, Nagata TD.
Efficacy and safety of cefiderocol versus high-dose meropenem in patients
with nosocomial pneumonia - results of a phase 3 randomized, multicenter,
double-blind, non-inferiority study. Open Forum Infect Dis 2019;6(Suppl 2):
S994.

[12] Clinical and laboratory standards institute. 2019 M100 30th Edition. Table 2B-1.
[13] United states food and drug administration. Identified Interprative Criteria for

Cefiderocol Injection; 2019. . Available at: https://www.fda.gov/drugs/
development-resources/cefiderocol-injection.

[14] Doi Y. Treatment options for carbapenem-resistant Gram-negative bacterial
infections. Clin Infect Dis 2019;69(Supplement_7):S565–s575.

[15] Shields RK. Case commentary: the need for cefiderocol is clear, but are the
supporting clinical data? Antimicrob Agents Chemother 2020;64(4):
e00059–20.

[16] Tsuji M, Hackel M, Yamano Y, Echols R, Sahm D. Correlations between
cefidercol broth microdilution MICs and disk diffusion inhibitory zone
diameters among target Gram-negative organisms. [Abstract]. Madrid, Spain:
European Congress of Clinical Microbiology and Infectious Diseases; 2018.

http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0005
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0005
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0005
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0010
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0010
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0010
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0015
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0015
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0015
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0015
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0020
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0020
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0030
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0030
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0030
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0035
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0035
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0035
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0040
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0040
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0040
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0040
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0045
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0045
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0045
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0045
https://www.fda.gov/media/131705/download
https://www.fda.gov/media/131705/download
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0060
https://www.fda.gov/drugs/development-resources/cefiderocol-injection
https://www.fda.gov/drugs/development-resources/cefiderocol-injection
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0070
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0070
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0075
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0075
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0075
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0080
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0080
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0080
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0080


6 W.D. Kufel et al. / IDCases 21 (2020) e00863
[17] Cefiderocol. United States Food and Drug Administration Antimicrobial Drugs
Advisory Meeting. .

[18] Sato T, Yamawaki K. Cefiderocol: Discovery, chemistry, andIn vivo profiles of a
novel siderophore cephalosporin. Clin Infect Dis 2019;69(Supplement_7):
S538–s543.

[19] Kidd JM, Abdelraouf K, Nicolau DP. Development of neutropenic murine
models of iron overload and depletion to study the efficacy of siderophore-
antibiotic conjugates. Antimicrob Agents Chemother 2019;64(1):e01961–19.

[20] Tomaras AP, Crandon JL, McPherson CJ, et al. Adaptation-based resistance to
siderophore-conjugated antibacterial agents by Pseudomonas aeruginosa.
Antimicrob Agents Chemother 2013;57(9):4197–207.
[21] Kim A, Kutschke A, Ehmann DE, et al. Pharmacodynamic profiling of a
siderophore-conjugated monocarbam inPseudomonas aeruginosa: Assessing
the risk for resistance and attenuated efficacy. Antimicrob Agents Chemother
2015;59(12):7743–52.

[22] Ito A, Nishikawa T, Matsumoto S, et al. Siderophore cephalosporin
cefiderocol utilizes ferric iron transporter systems for antibacterial
activity against Pseudomonas aeruginosa. Antimicrob Agents Chemother
2016;60(12):7396–401.

http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0085
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0085
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0090
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0090
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0090
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0095
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0095
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0095
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0100
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0100
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0100
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0110
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0110
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0110
http://refhub.elsevier.com/S2214-2509(20)30171-2/sbref0110

	Cefiderocol for treatment of an empyema due to extensively drug-resistant Pseudomonas aeruginosa: Clinical observations an...
	Introduction
	Case report
	Discussion
	Ethics
	Funding
	Declaration of Competing Interest
	Acknowledgement
	References


